Abstract. The usage of industrial and agricultural wastes for building materials production plays an important role to improve the environment and economy by preserving nature materials and land resources, reducing land, water and air pollution as well as organizing and storing waste costs. This study mainly focuses on mathematical modeling dependence of the compressive strength of high performance concrete (HPC) at the ages of 3, 7 and 28 days on the amount of rice husk ash (RHA) and fly ash (FA), which are added to the concrete mixtures by using the Central composite rotatable design. The result of this study provides the second-order regression equation of objective function, the images of the surface expression and the corresponding contours of the objective function of the regression equation, as the optimal points of HPC compressive strength. These objective functions, which are the compressive strength values of HPC at the ages of 3, 7 and 28 days, depend on two input variables as: x1 (amount of RHA) and x2 (amount of FA). The Maple 13 program, solving the second-order regression equation, determines the optimum composition of the concrete mixture for obtaining high performance concrete and calculates the maximum value of the HPC compressive strength at the ages of 28 days. The results containMaxR 28 HPC = 76.716 MPa when RHA = 0.1251 and FA = 0.3119 by mass of Portland cement.
Introduction
The concrete experts consider the last two decades of the twentieth century as decades of concrete additives. Thus, the 21st century will be the century of widespread usage of different types of high-strength concrete and high performance concrete.
The modern technology monolithic construction, used in various countries in the world as well as in Vietnam, widely applied mineral additives in the concrete mixtures. Among these additives, superplasticizers, complex of chemical organic and mineral additives are the most popular [1] .
In concrete production technology, the mineral additives are separated to fine active additives and inert additives. Fine active additives helps to reduce cement content and control the process of forming concrete structure. While the inert mineral additives in fine grinding has been used so far in order to fill and solidify the concrete structure. In which, the major role is microsilica. It is waste generated in ferroalloy and silicon production. Besides, they are more widely available due to their cheaper price, in spite of slightly less effective than imported micro silica fume. Popular inert mineral additives is fly ash, provided from thermal power plants (FA TPP), metakaolin, fine-grained slag and pumice, especially, reusing waste from brick production, gypsum-containing waste [2] .
The human beings use approximately 10 billion tons of minerals and organic materials annually. At the same time, about 10% to 99% of these materials are converted into waste, causing soil, water and atmospheres pollution. For example, in coal industry, nearly 1.3 billion tons of overburden, mine rocks and about 80 million tons of wastes of coal enrichment are discharged each year [3] .
The rice processing also produces a great quantity of wastes in the form of straw, bran and rice husk. In rice producing countries, one ton of grain is disposed averagely, that is more than one ton of rice straw and husk. Thus, the reuse of these wastes reasonably become high important subject [4] .
Rice straw mostly uses for agricultural demand (70% for cattle food) and construction as finishing and roofing materials (about 5%). The rest of this is burnt directly in the fields (up to 15%) or simply left there, as well as natural decomposition (about 10%).
In recent times, main purpose of using rice straw is producing cellulose and its derivatives [5] , while rice husk produces silica in crystalline and amorphous forms [6] . Then, amorphous silica is applied in building materials technology. Methods of utilizing agricultural residues in the world are shown in Figure 1 . In fact, rice husks have a small bulk density (about 0.1 ton/m 3 ) [7] , thus its storage requires a large area. Moreover, this storage of waste leads to pollution of soil, water and air [8] . Therefore, processing and recycling of rice husk and straw have a great economic and social importance for the northern regions of the Vietnam, where are concentrated several rice processing companies [9] .
In Vietnam, rice straw, a byproduct of rice milling, previously was only used as fuel in small ceramic kilns or for alternative fuels production -rice husk. A small amount of rice husk then was mixed with Portland cement to produce unbaked brick blocks. Presently, the ash is obtained by burning the husk, which consist of huge amorphous silicon content. This ash is widely used in Vietnam as an active mineral additives and replaced imported silica fume in concrete production with different purposes The annual amount of industrial waste is more than 150 million tons in Vietnam. In which, metallurgical slag is about 45 ÷ 55 million tons, ash and slag TPP is nearly 50 ÷ 60 million tons and gypsum wastes is approximately 14 ÷ 16 million tons [10] .
In 2016, the accumulation of solid wastes from ash and slag, particularly, waste gas and wastewater from the thermal power plant in the industrial zone "VungAng" (Vietnam), have caused seriously environmental pollution in Vietnam central provinces (Figure 2 ). а). Water pollution b). Air pollution TPP "VungAng" produces about 3000 tons of ash and slag waste daily. In addition, anenormous number of gaseous substances and solid particles formed as a result of solid fuel combustion enter the atmosphere through the smokestacks of this power plants [11] .
The recycling of waste from industry and agriculture as mineral additives for modern concrete not only saves capital investments but also reduces production cost both in construction material producing and in industries that have so-called "by-products". It contributes to create a non-waste production cycle in the future.
The objective of this study are mathematical modeling the effect of amounts of rice husk ash and fly ash from TPP "VungAng" on the compressive strength of high performance concrete in the form of second-order regression equations. After that, the images of the surface expression and the corresponding contours of the objective function of the regression equation are received.
Materials and Mixture Proportioning

Cement
Portland Cement (PC) type CEM II 42.5N manufactured at "Nghi Son" factory (Vietnam), specific weight of 3.12 g/сm 3 , surface area of 3635 cm 2 /g. The results of chemical analysis and mineralogical composition of cement are presented in Table 1 and Table 2 . 
Aggregates
Quartz sand (QS) originally from the golden sand of "Lo River" (Vietnam), MK = 2.85, specific weight of 2.65 g/сm 3 and the volume of compacted state is 1540 kg/m 3 . Crushed limestone (CL) produced from the quarry "KienKhe" (Vietnam) with the size of 5 -10 mm, specific weight of 2.61 g/сm 3 and volume of the compacted state is 1620 kg/m 3 .
Chemical admixture
Superplasticizer ACE 388 (A388) "Sure Tec" BASF (Germany). It is a new generation chemical additives based on polycarboxylate ethers with specific weight of 1.1 g/сm 3 at 20 ± 5°C.
Mineral additives
Fly Ash (FA) TPP "VungAng" (Vietnam) Class C and rice husk ash (RHA) with specific weight of 2.22 and 2.15 g/сm 3 , the volume of natural porous state are765 and 572 kg/m 3 and the water needs are 104.1 and 100.7% respectively. The chemical composition of the FA and RHA are shown in Table 3 . Table 3 . Chemical compositions of RHA and FA TPP "VungAng"
Grain compositions of RHA and FA are determined by Laser method, presented in Table 4 . 
Methods
Method of calculation preliminary compositions of concrete mixture is applied in accordance with ACI 211.4R-93 (American). According to [12] , the flowability of concrete mixture is determined by the slump flow of Abrams' cone with dimensions of 100x200x300 mm. The 
Mineral additives Average chemical composition(%)
SiO2
Mathematical modeling method
In this paper, the achieved second-order regression equations of the objective function is the compressive strength of HPC by using method of the Central composite rotatable design (CCRD) for two factors [14] . The method CCRD allows to obtain more accurately mathematical description by increasing the number of experiments at the center and a special value of "star shoulder" α =
[26].
The geometric interpretation of the CCRD for the two factors is a square, is shown in Fig. 3 . Fig. 3 . Geometric interpretation of the CCRD for two factors.
Results and Discussion
Development of high performance concrete must possess: -the effect of the fresh concrete with the workability is determined by the slump-flow 600 ÷ 700 mm; -compressive strength at the age of 28 days is higher than 70 MPa.
-durability and corrosion resistance in corrosive environment.
-reduce cement consumption. The preliminary composition of the concrete mixture was calculated according to the standard ACI 211.4R-93 [15] . The properties of the fresh concrete as well as the compressive strength of concrete areachievedand presented in Table 3 . The water/binding ratio is constant and equal to . The amount of superplasticizer A388 is 1% by the mass of the binder. The amounts of RHA and FA in the Table 4 . The number experiments of CCRD for the two factors is indicatedby formula (1):
where: k -thenumber of factors, k=2; m -the number of repeating the experiments at the center, m = 5 according to [28] . Consequently: N = 2 2 +2×2 + 5=13. Compositions of high performance concrete, calculated by the method of central composite rotatable design for two factors, are displayed in Table 5 . The valuesof compressive strength HPC at the ages of 3, 7 and 28 days of normal hardening are presented in Tables 6 -8 . Checking the adequacy of the experimental model. According to [27] [28] [29] ,the adequacy of the regression equations is checked by means of the Fisher criterion. The calculated value of which is the following ratio (2): (2) where: S Consequently: F0,05 (8, 4) = 6,0410. The second-order regression equations (5), (6) and (7), the values of the coefficients, the images of response surface and corresponding contour plot in Figure 4 
F3= .
As F3= 4.9576< F0,05(8, 4) = 6.0410, the experimental model described by equation (5) is adequate. Fig. 7 . Figure 7 presents the curve of dependence of the compressive strength HPC on the amount of RHA and FA at the ages of 3, 7 and 28 days. This curve passes through points A, B and C, which are points of the optimum compressive strength of HPC at the age of 3, 7 and 28 days. Based on the data in Table. 6 -8 and Figure 4 -6, the usage of complex organic mineral modifiers, which contains RHA, FA and superplasticizer ACE 388 in an amount of 1% of the mass of the binder is gradually effective. Furthermore, the speed of concrete hardening is comparativelyhigh at the age of 3 days. It reaches 62.03% to 78.23% of its 28-day compressive strength (in Table 6 and Table 8 ).
Conclusions
1. RHA in the North of Vietnam and FA TPP "VungAng" have high pozzolanicactivity. The average content of amorphous silicon dioxide of 88.2% and 54.62%, respectively, are characterized by a low content of harmful impurities (unburned carbon, SO3, sulfur, P2O5, mineral oils). Therefore, they can be considered as finely dispersed active mineral admixtures for concrete and mortar [16] .
2. Using central composite rotatable design combination with Matlab program obtainsthe second-order regression equations (5), (6) and (7), as well as the images of response surface and corresponding contour plot of the objective function for these regression equations,are shown in Fig. 4 -6 . Theseequations adequately describe the dependence of the compressive strength HPC at the ages of 3, 7 and 28 days by the factors x1 (amount of RHA) and x2 (amount of FA).
3. The Maple 13 program determines the maximum value of the objective functioncompressive strength HPC at the age of 28 days in the second-order regression equation (7), is MaxR 
